ABSTRACT
Introduction
In the Mediterranean basin, water is the most limiting factor. In fact, agriculture triggers drought, soil degradation and erosion processes [1] . Crop mis-intensification, conventional tillage and over-grazing characterize agricultural systems. These typical agricultural practices assure some production and income in wet years, but low average yields and low moisture utilization efficiency in dry years. Moreover, current practices suffer from high year-to-year variations in income and extreme fluctuations in production with very little biomass and nutrient returned to the soil and little protection provided from endemic water and wind erosion. The population growth in Morocco resulted in increased reliance upon continuous cropping rather than conservation cropping systems [2] . In fact, continuous wheat occupies 30% of arable lands, even though it is a permanently stressed environment [3] .
Soil degradation is both a cause and consequence of the poor economical development and social environment in the country. Consequently, farming systems need to be adjusted to face a range of challenges, especially water shortage and scarcity and low fertility soils [4] . Morocco's agriculture should experience a shift based upon conservation and intensification. In the other side, world-wide and in the Mediterranean basin, No-tillage systems are among the top technologies to mitigate drought, reduce tillage costs, conserve soil and water, increase soil organic carbon pools, boost crop productivity and reduce net CO 2 emissions, which contribute to global warming attenuation [5] [6] [7] . Hence, under these environmental and weather conditions, to increase the yield stability in cereal crops represents an important objective for agricultural progress.
Winter cereals have shown better adaptability to Notillage techniques than other crops [8] [9] [10] [11] [12] [13] . In Morocco, early No-tillage research, which started in 1983, showed superiority of No-tillage grain production compared to conventional tillage production [14, 15] . It was also found that No-till soil conditions favour more vigorous and healthier plants that are resilient to various types of stress (either biotic or edaphic) [16] . A new soil ecosystem is created with adoption of No-tillage systems characterized mainly by higher sequestration of carbon, better aggregation and improved availability of essential elements to crops (nitrogen, phosphorus and potassium) [17, 18] .
Crop residues left on the surface under zero-tillage protect the soil surface from water and wind erosion and from the sun's radiation, propitiating soil biological activity and bio-diversity, while improving nutrient efficiency, water economy and soil structure. Consequently, the best practice is to leave a fraction of crop residues in the field, where they serve as soil cover and organic amendment. For achieving sustainable mixed agricultural systems, crop residue should be managed to simultaneously increase water availability and satisfy soil quality and productivity requirement as well as livestock fodder.
Global climate change scenarios predict that variation in precipitation patterns will increase in Morocco resulting in frequent extreme events (drought and flood) [19] . For the transition and then the shifting from intensive to No-tillage systems, enhanced yield stability is of paramount importance for sustainable agriculture [20, 21] . In addition, according to [22] , a Non-decreasing trend in yield is necessary to call a system sustainable. Hence, the main objectives of this study are 1) to reduce dependence on tillage, while increasing the use of precipitation during the wheat growth through residue management, 2) to propose appropriate cropping system for semiarid farmers of Morocco and 3) to check on yield stability due to crop management strategies vis-à-vis changing climate and environmental contexts.
Materials and Methods

Site Description
A long-term field experiment was established at Sidi El Aydi experimental station to compare the sustainability of a range of rotation, tillage and stubble management systems on a clay soil. This research site is located at the Institut National de la Recherche Agronomique (INRA) (33°00'N, 09°22'W, elevation 230 m a.s.l.) situated 45 km South of Casablanca, Morocco. The region, named Chaouia, is the major cereal production in the country.
This experiment was set up from 1994 to 2003, with the same treatments applied to the same plot year after year. Precipitation was measured with a standard rain gauge adjacent to the plots. The major characteristics of the soil are given in Table 1 . The soil of the experimental area is classified as Vertic Calcixeroll with little or No slope, representing the major soil in the region. It is characterized by cracking-swelling properties [16] .
Long-term wheat growing season rainfall at Sidi El Aydi averages 308.9 mm, ranging from 113.5 mm to 740 mm, with about 53.5% received between November and January ( Table 2) . Maximum temperatures can reach up to 34.4˚C in July, while minimum temperatures can drop to 6˚C in January. Summers are hot and dry, whereas winters are cold and moist ( Table 3) .
Experimental Design and Treatments
Prior to the experiment commencement in 1994, the site had a long history of continuous wheat cropping using conventional tillage. The experimental design was a two-factorial split-plot design with three replicates. Large plots were 6 m wide and 20 m long, while sub-plots are 3 m wide and 20 m long. Large plots corresponded to rota- tion and sub-plot to tillage-residue management system. Five rotations were studied ( Table 4 ). All phases (rotation-year) of each rotation were present each year and each treatment was cycled on its assigned plot. Two tillage systems were established: conventional tillage with off-set disk (CT) and Zero-tillage system. The most common tillage practice is to prepare a seedbed by disk harrowing after stubble grazing along the summer. Nearly all stubble and crop residues are normally removed from the field (via grazing or balling). The use of disk harrowing helped to break clods and make a proper seedbed, which is believed to capture and store autumn precipitation in soils. The number of off-set disk operations to prepare seedbeds differed among years and crops. Tillage depth ranged from 100 to 150 mm, depending upon the conditions of the soil at time of tillage. These practices have been shown to exacerbate degradation of soils, promote erosion and reduce production potential. In this study, stubble and plant residues were totally incorporated with tillage tools (under CT). The experimental design combined tillage and stubble treatments to allow their separate effects on grain yield to be assessed (Table 4) . Here, "tillage-residue management" denotes these combinations as shown in Table 4 . Zerotillage system (NT) received No-tillage and the only soil disturbance was for seeding and fertiliser banding. Total or full removal of flat residues in no-tillage wheat phase for fodder use (no-mulch cover).
NT p
Partial removal of flat residues in no-tillage wheat phase (50 -60 percent mulch cover) with uniform cover of the soil.
NT m
Total maintenance of flat residues in no-tillage wheat phase (full mulch cover) with a layer of several centimeters in thickness.
CT Conventional tillage with off-set disk harrows-biomass incorporated.
Note: After wheat harvest, stubble was approximately 10 -15 cm tall and was not removed from no-tillage treatments. Under no-tillage systems, stubble and crop residue from other crops were maintained at the surface, while under conventional tillage, this biomass was incorporated in the soil with disking.
Smallholders in mixed crop-livestock systems constitute a very large fraction of farming enterprises in Morocco. In those systems, crop residues are a strategic production component. This study aims at better understanding the tradeoffs in crop residue uses in cereal based systems. The major trade-off in most systems is the short term benefits of using crop residues to feed livestock versus leaving the crop residues in the field to improve water management and availability as well as soil productivity (nutrient balance, erosion control and soil health). Consequently, in order to help devise these farmers for possibilities of integrating grain and livestock production, three No-tillage wheat residue management scenarios were investigated (total NT r , partial NT p and No-removal of residues NT m ). Because of the high opportunity cost of crop stubbles and straw in traditional mixed farming systems, there may be a temptation to adopt a No-tillage system (NT m ) while persisting with removal of stubble for other uses (livestock, fuel and commodity). In the other two options, NT has to be adopted as a system, combining both direct seeding and either full or selective retention of crop residues at the soil surface. The NT p help to explore sharing and optimizing crop residues between No-tillage and traditional or energy uses [23] .
Crop Management, Fertilization and Pest Control
In this study, we tested the performance of alternative rotations to the typical wheat monoculture in a rainfed Mediterranean semiarid area of south-western Morocco Soil analysis permitted the following fertilizer recommendations: ammonium nitrate (33.5% N), at a rate of 75 kg·ha -1 , and triple super phosphate (45% P 2 O 5 ), at a rate of 100 kg·ha -1 , were placed in the seed row as starter fertilizers for wheat, lentil and barley. Additional urea fertilizer (46% N) was broadcast at the mid-tillering stage of wheat (50 kg·ha -1 ). For Corn, ammonium nitrate (100 kg of material per hectare) and triple super phosphate (50 kg of material per hectare) were applied at planting. Soil tests at Sidi El Aydi indicate high K and therefore K fertilizer was not applied. These application rates ensured that nutrients (N, P) were not limiting production and crops did not exhibit any deficiency symptoms. No irrigation or farm manure was used in this experiment.
Pre-plant herbicides were used for weed control in all treatments. No-till treatments were sprayed with glyphosate at 2 -3 L·ha -1 to control any standing vegetation during the week before crop planting. Before seeding, all wheat, barley and fallow plots were sprayed with chlorosulfuron herbicide (10 to 20 g·ha -1 ). Corn and lentil were sprayed at seeding with simazine at rate of 1.5 and 1 L·ha -1 , respectively.
Measurements
Climatic data were collected between 1994 and 2003 at the Sidi El Aydi Experimental Station, less than 1 km from the experimental site. Precipitation data were collected daily throughout the wheat growing season and summarized as monthly means. Historical climatic data were obtained from the same weather station. At harvest, wheat grain was harvested at 10 -15 cm above ground from the plot area to determine grain yield (GY), reported at 130 g·kg -1 moisture concentration. The above-ground dry matter or wheat biomass (TDM) was determined from hand samples taken from two 1-m 2 quadrats of each plot at harvest.
Data Analysis
Analysis of Variance
All data were subjected to an analysis of variance using the procedures of SAS [24] [25] [26] for each variable. The analysis of variance was carried out for each year as well as over years. This combined variance analysis provided an overview of the magnitude of variation among years and treatments and especially the treatment * year interaction. When the F-test indicated statistical significance at 5%, treatment means were separated by Least Significant Difference (LSD) test.
Stability Analysis
The significance of the interactions of treatment x years can be interpreted using stability analysis. It is the linear regression of treatment yield on the year environment mean yield (average yield of all comparable treatments in a given year). This analysis is carried out without the use of data transformation. High yield stability usually refers to a crop's ability to perform consistently, whether at high or low yield levels, across a wide range of environments [27] . The regression tests were carried using SAS statistical package. A regression coefficient (slope, b) > 1 is indicative of below average stability while a regression coefficient < 1 is indicative of above average stability. Specific tillage-residue management and cropping systems can be considered stable if variation is low over years (i.e. Low Coefficients of Variation, CVs) [28] .
Results
This field study assessed average wheat yields and temporal yield variability over a 9-year period in agricultural management systems that are part of a long-term cropping systems experiment at Sidi El Aydi Station (SEAS) in south-western Morocco. Table 5 presents pooled (averaged over the nine years) analysis of variance of the experiment. Significant year effects were noticed for all management systems. Table  5 indicates significant Tillage x years and Rotation x years interactions (P < 0.001) and showed the influence of changes in environments on the yield performance of the various tillage-residue management and cropping systems evaluated.
It is also worth noting that during the course of the experiment, soil quality attributes have changed or been altered by tillage, residue management and cropping systems. These modifications in soil porosity and organic matter, stable aggregates, nitrogen and phosphorus contents of the soil surface (0 -5 cm) were reported by several authors [29, 30] . 
Growing Conditions
The semiarid climate, gently sloping topography and slowly permeable clay soils are important characteristics of the western plains of Morocco. Humid winters and dry summers characterize the climate of Sidi El Aydi (Chaouia). Table 2 gives wheat growing season monthly rainfall for the study period (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) and for the long-term records .
As reported in Table 2 , during the nine years of the experiment, about 77% of the 265. 5 [1994] [1995] , almost 60% of received rainfall occurred in the reproductive period of wheat ( Table 2) . The wettest year (1996-1997) corresponded to the average year with 82 and 18% of rainfall received in the vegetative and reproductive phase, respectively.
The most common and widespread of the country's natural hazards is drought. It is a country-spread problem seriously influencing wheat production and quality. Table 2 ). The growing-season rainfall (GSR) for the 9-year study period averaged 265.5 mm per year, 43.4 mm lower than the long-term average; thus conditions were unfavourable for dryland cropping. In fact, the deviation of GSR from the long-term rainfall average varied from -195.4 to +131.1, which shows the large variation of rainfall pattern of Chaouia region ( Table 2) .
Growing season rainfall varied from as low as 113.5 mm (1994-1995) to 440 mm (1995) (1996) , with an average over the 9 years of 265.5 mm ( Table 2) . Only 3 years (1995 Only 3 years ( -1996 Only 3 years ( , 1996 Only 3 years ( -1997 Only 3 years ( , and 2002 Only 3 years ( -2003 were above long-term average that is 308.9 mm. Hence, differences in rainfall contributed to different yield responses, as shown by the various treatment * year interactions ( Table 5) .
Wheat Yields
Seasonal and annual variations in rainfall strongly influenced wheat responses to tillage-residue management and cropping systems in this experiment. Rainfall amount and distribution are critical for proper wheat performances. Moisture stress at critical physiological stages could inhibit crown roots, reduce effective tillers, diminish wheat vegetative growth and number of grains per ear and cause poor grain-filling. Generally, in semi-arid areas, wheat under No-till conditions are under high available water content during most the growing season and lower temperatures [16] .
The long-term effects of tillage and wheat residue management on wheat grain yields are summarized in Table 6 . Complete crop failure was observed in the first and the sixth year of the experiment for all tillage-residue management systems and rotations. At the research site, cumulative growing season rainfall was 113.5 and 152.4 mm for the two years, respectively. There is a need of at least 190 mm of moisture during the wheat growing season to garanty wheat grain production in semi-arid regions as noted by [14] .
Tillage-Residue Management Effects
When averaging over the nine years, No-tillage system in its 3 variants guarantied higher grain yields than the conventional tillage system ( Table 6 ). Within the 3 variants of residue cover, it is clear that NT p should be the logical choice for mixed farming systems, since it permitted identical yield as NT m . This is due to the need to export partially biomass for livestock feeding. It is also important to Note that grain yield was significantly lower under CT than bare No-till (NT r ). Hence, it is evidently recommended to support No-tillage for higher and stable yields of wheat; which is a leeway to adapt under contrasting climates.
The effect of tillage system was significant in all years at the exception of 1996-1997 and 1999-2000. In addition, CT was permitting higher yields than NT in one year (1997-1998) ( Table 6 ). Residue management under NT did not show effects in 4 contrasting years (1994-1995; 1996-1997; 1998-1999 and 1999-2000) . In the other 5 years, either NT p or NT m or both out-yielded NT r . Hence, when analyzing the performances of wheat yield under the various tillage-residue management options for the 9-year, it is clear that No-tillage either equalled or exceeded CT. Particularly for NT p , wheat yields were largely greater than CT in 1995-1996; 2000-2001 and 2002-2003 as shown by the high yield ratios of Table 6 . These trends were also reported by [13] . However, [31] did not find any difference between the two tillage systems in Northern Syria for barley production. a the ratio of NT to CT not including the 1994-95 year in averaging over years. NT r = Full removal of flat residues in no-tillage, NT p = Partial removal of flat residues in no-tillage, NT m = Total maintenance of flat residues in no-tillage, CT = Conventional tillage. In the column (small or italic letters) or row (capital letters), means followed by the same letters do not differ by LSD test at p = 0.05.
physiology of the crop. These facts may have some negative outcomes on crop growth. Use of the double-disk type drill, during the first 3 years, had various disadvantages, including surface application of P fertilizer, weak penetration through thick residues and dry soil, and inability to adequately cut through residues. Under NT m , seeds were also in close contact with the straw which reduced early vigour and growth [16] . The high residue cover could delay emergence, seedling development and retard tillering of wheat seeded with disk drills [32] . The hoe-type drill, used during the 6 last years, produced more soil disturbance along seeding row than TYE drill, and was needed for better seeding of wheat into dry soil surface. It also permitted localisation of P and N fertilisers in proximity to the seeds, which helped wheat to grow more vigorously and produce more biomass [33, 34] .
Cropping System's Effects
Wheat is an important part of the cropping system in semiarid Morocco. Yielding of dryland wheat depends enormously on the amount of profile-stored water and/or precipitation during the growth period. Wheat is very responsive to crop rotation. The long-term effects of cropping systems on wheat grain are shown in Table 7 .
The continuous wheat rotation had the lowest yields irrespective of the treatment and years ( Table 7) On average, it is shown from Table 7 that wheat yields are the highest under WF; WBF and WLF. Wheat yield under WMF is intermediary and higher than CW. The WLF could be more performing if Not the low wheat yielding in 1999-2000 due to residual effect of herbicide (Simazine) used for controlling weeds in lentil. The percent increase in wheat yields when comparing biennial or triennial rotations to CW varied from 84% under WF to 59% under WMF ( Table 7) .
Above-Ground Biomass Yield
Grain yield is the product of plant biomass and partitioning of that biomass to the harvested components. Hence, in uncovering the impact of tillage systems on yield, it would be necessary to determine whether NT limits plant biomass accumulation or Not. In other terms, although much work has been conducted on the impact of NT on wheat yield, there is little information on the impact of NT on above-ground biomass accumulation. A reduction in biomass may occur due to poor stand establishment or reduced tillering [16] .
Tillage-Residue Management's Effects
In Table 8 , tillage and residue management system's effects on wheat above-ground biomass are presented. NT production systems did not generally reduce the ability of wheat cultivars to accumulate biomass. The NT treatment impacted biomass yields of wheat, but this response was dependent on the environment. According to Table 8 , the three variants of NT helped accumulation of higher biomass than CT. It is also reported in the same Table that biomass yield increases with residue cover under the soil, on average and by year. At the exception of 1996-1997 where NT p was permitting higher biomass yield of wheat, NT m was showing the highest biomass. In fact, it has reached 12.67 Mg·ha -1 in 1995-1996. Not considering the driest year of 1994-95, in other dry years (<200 mm), NT out-yielded CT by 1.11 to 2.07 as shown in Table 8 . Especially, NT biomass yields were two Semiarid Mediterranean Clay Soil a the wheat above-ground biomass ratio of NT to CT in averaging over years. NT r = Full removal of flat residues in no-tillage, NT p = Partial removal of flat residues in no-tillage, NT m = Total maintenance of flat residues in no-tillage, CT = Conventional tillage. In the column (small and italic letters) or row (capital letters), means followed by the same letters do not differ by LSD test at p = 0.05. times higher than CT in 2000-2001 where the wheat was under severe droughts in mid-and late seasons. However, in wet years (>400 mm); NT/CT varied from 0.97 to 1.27. In general, yield advantage of NT over CT increased due to residue cover level (yield ratios of 1.07; 1.29 and 1.38 for NT r ; NT p and NT m ).
Cropping System's Effects
Rotation effects on above-ground wheat biomass for the nine years are exhibited in Table 9 . Cropping systems tested in this trial respond consistently among environments and there was a strong interaction among environments or years and cropping system (P < 0.001) (Tables 4 and 9). From results presented in Table 9 , continuous wheat (CW) permitted the lowest yearly average biomass yield among the cropping systems tested in this experiment. However, especially in 1995-1996 and 1997-1998 and in 2001-02, CW out yielded WBF and WLF respectively. WF rotation was best performing in year of severe drought (i.e. 1997-1998) as compared to other cropping systems. WF and WBF surpassed all other rotations in adapting wheat to produce and accumulate dry matter in 1999-2000 where GRS was only 152 mm. Biomass yield advantage for biennial and triennial rotation over CW varied from 48% to 76%.
It is clear from this analysis that farmers could choose either WF or WBF as appropriate cropping systems. However, for an intimate integration of grain and livestock productions, WBF would a desired and reliable choice since it is including a dual purpose crop, barley. Other cropping sequences including forage crops are also of relevance to dryland farmers if well managed [4] . Table 10 presents the regression coefficients of linear relations between yields and GSR, vegetative phase Table 9 . Rotation effect on above-ground wheat biomass a (Mg·ha -1 ). Rotation 1994 Rotation -1995 Rotation 1995 Rotation -1996 Rotation 1996 Rotation -1997 Rotation 1997 Rotation -1998 Rotation 1998 Rotation -1999 Rotation 1999 rainfall (VPR) and reproductive phase rainfall (PPR) as explained in Table 5 . Wheat yields are more dependent on GSR and vegetative phase rainfall (VPR) as regression determinants are higher. CW is more responding to seasonal variability of rainfall than the other cropping systems. This confirms the stressed environment characterizing continuous cropping. This result can be explained by the low yields of this cropping system. In other terms, water conditions under fallow based rotation helped wheat to depend less on late rainfall and hence avoid late or mid-drought [14] . This is mainly due to available water stored in soil profile from previous year's rainfall. This explains the stabilising benefit from fallow in semiarid areas. Especially, from Tables 8 and 10 , under wheat-fallow, wheat is better user of rainfall pattern or distribution and hence avoiding intermittent drought or water deficit than in other cropping systems. From Table 10 , the relation between yield and rainfall parameters is positively correlated to residue level under NT, mainly for GSR and VPR. CT is found intermediate between NT m and NT p in responding to rainfall parameters in a semiarid area. This can explain that residue management is equivalent to water management in dry areas under NT.
Yield-Rainfall Relationships
Stability Analysis of Grain Yields
Soil management systems have substantial impacts on ecosystem processes that contribute to annual crop yield variability. Understanding and capitalizing on wheat yield time-variability or stability has become one of the most intriguing problems in current NT production research in Morocco. An ideal agricultural technology or system is one that achieves the highest yield across multi-environments. Wheat yields under no-tillage were shown to increase with respect to other traditional or conventional tillage systems. Slopes with b < 1.0 indicate better adaptation to poor environments, while genotypes with "b >1.0" are best used in superior environments as suggested by [35] .
Stability analysis provides useful parameter estimates when numbers of treatments and environments considered in the analysis are sufficiently large [36] , which is the case in this study. The regression of treatment average yield on the environmental index resulted in regression coefficients shown in Table 11 .
The yield potential of the No-tillage systems was generally superior to conventional tillage systems, but there was no yield stability sacrificed to achieve the greater yield potential. Table 11 gives the regression coefficient (b) values of the tillage-residue management and cropping systems developed from linear regression analysis.
Tillage-residue management treatments have "b" valued ranging from 0. 90 to 1.05, while for the cropping systems, "b" varied from 0.69 to 1.09. The No-tillage treatments have a slope close to unity which shows an average response to environmental conditions, as measured by the environment mean. In Figure 1 , WF, WBF and WMF are showing identical linear trends in terms of Figure 2 , all 3 variants of NT exhibited a higher linear tendency between yield and environment as compared to CT. One measure of yield variability is the coefficient of variation of yield (Table 11 ). It is shown that NT r and CT among tillage treatments and CW and WMF among cropping sequences are having grain yield highly variable than the other treatments. This maintains the conclusion that NT associated with residue cover and conservation cropping system (WF) are most likely to adapt to conditions of Moroccan semiarid areas.
Following the method of [35] , the environmental mean of each tillage or cropping system was placed on the x axis and the regression coefficient (yield stability) was placed on the y axis to determine the relationship among yield and yield stability (Figure 3 ). This figure shows that the stability coefficient "b" increases with improvement in environments.
Discussion
From this long-term study, it can be concluded that production of winter wheat under No-tillage can have agronomic benefits over conventional tillage systems, although in some years it can result in lower yields. The important finding from this study is that No-tillage has to be adopted as a system, combining both direct seeding and retention of crop residues. It was concluded that Notill with stubble retained treatment was the best option in terms of higher and more efficient use of water resources. Basically, NT p could be adopted in mixed crop-livestock systems of semiarid areas for the purpose of guarantying grain and feed.
Due to high grain and biomass production under NT, our results demonstrate also, the effectiveness of No-tillage with mulching in increasing rainfall use compared to the conventional tillage system and complete stubble removal under No-tillage in the semi-arid area of the Chaouia region. This is explained by wheat yield-rainfall relationships. In fact, residue retention under NT may have helped managing rainfall and carrying over soil moisture during the growth and development of wheat [37] . These possible good relations at the soil-residue interface vis-à-vis rainfall distribution are the main reasons for NT durability [13, 38, 39] . However, [13, 40, 41] reported that the major limitation to NT adoption by smallholder farmers is crop residue tradeoffs as soil amendments and livestock bedding, feed, and/or other off-field purposes and its low availability in dry areas and droughty years.
From this study, it can be concluded that either wheatfallow or wheat-barley-fallow can be promoted in semiarid areas but without any involvement of tillage systems. However, in semiarid Spain, authors found that wheatfallow is having low efficiency in increasing wheat yields [37, 38] .
In this experiment, continuous wheat was found not durable vis-à-vis changing climate. The instability and low yields of continuous cereal have been reported by other authors from semiarid Mediterranean areas [42] .
From the stability analysis, NT is adapting to most weather conditions occurred during the course of the experiment. In other words, this analysis indicated that yields in the No-tillage system were less influenced by adverse growing conditions than conventional tillage system, particularly under low rainfall. It is then, to the decision of farmers, to manage the cropping system according to technical and economical considerations:  In harsh and economically constrained environments, continuous wheat can be used but is still risky. However, NT is an option for reducing such risk [43] .  In area of low rainfall (less than 300 mm), wheatfallow is a requirement for stable grain production under NT [14] . However, this is not in agreement with other authors from dry areas in Spain [44] and US Great Plains [45] .  In areas of favorable rainfall and weather conditions, either lentil or barley could be used without additional reliance on row crop drills as for corn [15] . Better water supply for plants due to residue retention under NT could result in higher yield [46] .  In mixed farming, farmers may choose to include barley or other forage crops in the three year rotation to compensate for residue availability [47, 48] . Considering the advantages of NT wheat production systems to the region, such as earlier planting, reduced erosion and improved soil conservation and fertility, agronomic changes that bring about optimal yields under NT would be desirable. An in-depth understanding of the physiological factors, that in some years, limit yield under NT production systems may be useful in designing genetic [49] or agronomic measures [50] necessary to optimize yield under NT.
For a thorough understanding on impact of each decision, modeling is needed. Process-oriented crop growth models simulate the effects of genetics, management, weather and stresses on plant growth and yield [51] .
In semiarid Mediterranean region, soil quality evaluation under conservation and conventional tillage systems should be prioritized [52] and carbon and nitrogen dynamics modeled under these contrasting systems [53] . These models will be the research focus in near future and for estimating environmental consequences of shifting to No-tillage technologies and conservation cropping sequences in both dry [54] and irrigated systems [55] .
Acknowledgements
Special thanks to all postgraduate and graduate students who were involved in this project for different periods.
